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(54) Ink Jet recording apparatus 

(57) An ink jet recording apparatus comprises a car- 
riage (2) movable in a given direction with a recording 
head (1) which is detachably mountable on it and pro- 
vided with discharge ports for discharging liquid. The 
apparatus is arranged to include a sensor (21) for 
detecting the presence or absence of the carnage, the 
recording head, and at least one of the ink containers. 
This sensor is provided for the main body of the appara- 
tus and positioned within the movable range of the car- 
riage With this arrangement, it is possible to simplify 
the structure required for detecting whether or not these 
vital elements for recording are installed without any 
auxiliary power-supply or memory means. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ink jet 
recording apparatus (or recording characters and 
images by discharging fine ink droplets onto a sheet, an 
OHP sheet a cloth, or other recording medium. Particu- 
larly, the invention relates to an ink jet recording appara- 
tus in which at least either one of a recording head and 
an ink tank is detachably installed on a carriage. 

Related Background Art 

[0002] There has been known an ink jet recording 
apparatus for recording by discharging fine ink droplets. 
This apparatus is advantageous over the apparatuses 
of other types because of its higher recording speed, 
easier recording in color, capability of recording not only 
on a regular sheet, but also on a cloth or other media, a 
lesser noise, and a higher quality among other features. 
[0003] In general, the recording head of an ink jet 
recording apparatus has ink discharging ports of one to 
approximately 200 or 1 ,000 to approximately 2,000 in 
order to record on the entire recordable area, while 
allowing the head to scan a recording medium correla- 
tively. The main scan is such that the carriage on which 
the recording head is mounted reciprocates to scan for 
the correlative movement The subscan is such that a 
recording medium is scanned in one way in relation to 
the recording head. Here, the recording head mounted 
on the carriage is a/ranged detachably from the car- 
riage or an ink tank which contains ink to be supplied to 
the recording head is arranged detachably from the 
recording head. 

[0004] In the former arrangement the recording head 
is replaced with a normal one for use if any malfunction 
takes place in the head or replaced with a new one com- 
pletely when ink is finished in case of a recording head 
being arranged integrally with an ink tank. 
[0005] In the latter arrangement, only the ink tank can 
be replaced with a new ink tank for use while the record- 
ing head remains unchanged when ink is finished. How- 
ever, since the head or the ink tank or both are 
detachably mounted on the carriage, whether or no1 the 
recording head or the ink tank is installed correctly must 
be examined manually by the user or automatically by 
the apparatus itself for confirmation when executing a 
recording operation. 

[0006] An examination of the kind by a user tends to 
be incomplete, while the automatic examination by a 
recording apparatus requires a sensor on the carriage 
The sensor should be capable of transducing each 
event of the installation of a recording head or an ink 
tank into electrical signals, and transmitting them 1o the 
main body of the recording apparatus through flexible 



cables in order to make the required confirmation, and 
determine whether or not the installation is correctly 
carried out. 

[0007} However, according to the above-mentioned 
5 conventional technique, there is a need for a considera- 
ble size of space for the arrangement of the flexible 
cables, which tends to make the size of the apparatus 
larger inevitably. Also, the use of durable cables results 
in a higher cost Therefore, it is advisable to avoid any 
io provision of flexible cables for the transmission of the 
electrical signals or it is advisable to minimize the 
number 01 cables for this transmission. 
[0008] Also, if a sensor must be mounted on the car- 
riage, the weight of the movable unit becomes heavier 
is that much, necessitating the power of the motor for driv- 
ing the carriage to be increased accordingly. Further, it 
take a longer time for the carriage to arrive at a constant 
speed. As a result, not only the recording speed is 
reduced, but also, a problem is encountered in that the 
20 apparatus should be made larger to the extent that the 
traveling distance of the carriage is made longer. 
[0009] Also, among such ink jet recording appara- 
tuses, there has been known an apparatus which is 
arranged to detachably install an ink cartridge in the 
25 main body of the apparatus or on a carriage as a source 
of ink supply so that the provision of ink can be made 
easily along with the consumption of ink for recording. 
An ink cartridge of the kind is replaced manually by the 
operator for use. 
30 [0010] Further, there has been known an apparatus 
which is arranged to provide a function to prompt the 
operator to replace ink cartridges by detecting the ink 
remains when such an ink cartridge as above is used. 
[001 1 ] However, in the above-mentioned ink cartridge. 
as it is technically difficult to detect the ink remains exactly. 
Also, it costs extremely high if such a detection should 
be adopted. With a view to solving the problem, there- 
fore, a method is proposed for detecting the ink remains 
in such a manner that the number of ink discharges 
40 from the head is counted, and the counted number is 
stored in a memory arranged in the main body of the 
apparatus, thus giving a warning when the stored 
number reaches a predetermined number of ink dis- 
charges. To effectuate this method, it is also necessary 
4S to reset the counter arranged tor storing the counted 
number of ink discharges in the main body of the appa- 
ratus each time the ink cartridge is replaced. In this 
case, a switch and a detector for detecting the attach- 
ment and detachment of an ink cartridge must be pro- 
50 vided. If the required resetting should be earned out by 
switching, it results not only in an additional cost, but 
also, in the operations imposed up the operator to exe- 
cute such as depressing a start key and a reset key in 
addition to the replacement of the ink cartridges itself. 
ss This requires a considerable amount of work on the part 
of the operator. Also, the cost is inevitably increased by 
the additional provision of the detector. 
[0012] Moreover, the flow of ink in the ink jet head or 
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in the ink supply pipe should be interrupted when the ink 
cartridges are replaced. It islhen necessary to exercise 
an extra suction from the ink discharge surface in order 
to fill ink in the ink passages up to the ink discharge 
ports. 

[001 3] As described above, there is a need for reset- 
ting the counter as well as exercising the extra suction 
when ink cartridges are replaced in a conventional ink 
jet recording apparatus. Also, it is necessary to detect 
whether or not the ink cartridge is installed correctly 
before these extra operations are performed. 
[001 4J Here, in a thermal transfer serial printer, it has 
been known traditionally that a structure is arranged tor 
detecting the position of a carriage, the information 
regarding an ink ribbon cassette, and the end of the ink 
ribbon in it by use of an optical sensor provided in the 
home position for detecting a discriminating portion 
given to the carriage, a discriminating portion given to 
the ink ribbon cassette, and a window arranged for 
detecting the end of the ink ribbon (as disclosed in Jap- 
anese Patent Uid-Open Application No. 62-60680. tor 
example). 

[001 5] In the thermal transfer printers, there is no pos- 
sibility that the thermal head is damaged even if no ink 
ribbon cassette is mounted on the carriage or a printing 
is erroneously carried out in a state where ihe ink ribbon 
in the ink ribbon cassette is used up. 
[0016] In an ink jet recording apparatus, however, 
there are some cases where the recording head itself 
should be replaced if the recording head is dnven with- 
out mounting an ink cartridge or with an ink cartridge 
but having no ink in it (or with an ink tank which is 
formed with a recording head to provide an integrated 
unit but having no ink in it), because the air and bubbles 
are mixed in the fine ink discharge ports or ink pas- 
sages thus inviting the disabled discharge of ink from 
the recording head. Also, in a recording head which dis- 
charges ink by use of thermal energy, the heater units 
may be damaged due to excessive heat in such cases. 
Therefore, in an ink jet recording apparatus, a technique 
required for detecting the presence or absence ot an ink 
cartridge on a carriage or of the ink remains in the car- 
tridge is vital to the life of the recording head. Particu- 
larly, in consideration of the current technical tendency 
which results in more frequent replacements of ink con- 
tainers because of the prolonged life of the head itself, 
necessitating the replacement of the ink containers 
more often or in the adoption of a smaller ink container 
along the miniaturization of the apparatus itself, which 
also necessitates the replacement of the ink containers 
more often, the above-mentioned detection technique 
becomes increasingly more important in recent years. 

«l ima avnFTHF INVENTION 

[001 7] With a view to solving the problems associated 
with the conventional technique as described above, it 
is an object of the present invention to provide an ink jet 



recording apparatus capable of easily detecting 
whether or not ink (or some other liquid) to be dis- 
charged from an ink jet recording head is available on a 
carriage. 

s [00181 It is another object of the present invention to 
provide an ink jet recording apparatus capable of easily 
detecting the presence or absence of an ink container 
on a carriage or the presence or absence of ink remains 
in the ink container. 
10 [0019] It is still another object of the present invention 
to provide an ink jet recording apparatus capable of ver- 
ifying the replacement of the cartridges by a simply 
structured inexpensive means without the provision ol 
any auxiliary power-supply, data storage, and the like. 
is [0020] it is a further object of the present invention to 
provide an ink jet recording apparatus capable of 
detecting the presence or absence of the ink cartridge 
by an inexpensive means whereby to solve the prob- 
lems associated with the conventional technique, and 
20 also obtaining the confirmation of the resetting of a 
counter for the number of ink discharges and the recov- 
ery of the recording head, which are executed after the 
installation of the ink cartridge. 
[0021] It is still a further object of the present invention 
2S to provide a small ink jet recording apparatus by use of 
a small motor for driving the carriage. 
[0022] It is another object of the present invention to 
provide an ink jet recording apparatus having a carriage 
movable in a given direction with a recording head 
so which is detachably mountable on it and provided with 
discharge ports for discharging liquid. This apparatus is 
arranged to include a sensor for detecting the presence 
or absence of at least one of the carriage, the recording 
head and the ink container. This sensor is provided for. 
35 the main body of the apparatus and positioned within 
the movable range of the carriage. 



ppicp nPSr.RIPTION O F THF DRAWINGS 
AO [0023] 

Fig. 1 is a perspective view schematically showing 
an ink jet recording apparatus according to an 
embodiment of the present invention. 
4$ Fig. 2 is a cross-sectional view schematically show- 
ing the ink jet recording apparatus represented in 
Fig. 1. 

Fig. 3 is a cross-sectional view schematically show- 
ing the ink jet recording apparatus represented in 

so Fig. 1. „ . . 

Fig. 4 is a perspective view schematically showing 
an ink jet recording apparatus according to another 
embodiment of the present invention. 
Fig. 5 is a perspective view schematically showing 
ss an ink jet recording apparatus according to still 
another embodiment of the present invention. 
Fig. 6 is a perspective view schematically showing 
the structure of another embodiment according to 



3 



5 



EP 0 955 169 A2 



6 



the present invention. 

Fig. 7 is a view schematically illustrating the opera- 
tions of attaching and detaching an ink cartridge in 
relation to the embodiment represented in Fig. 6. 
Fig. 8 is a perspective view schematically showing s 
a state where the ink cartridge is yet to be installed 
according to the embodiment shown in Fig. 6. 
Fig. 9 is a perspective view schematically showing 
a state where the ink cartridge is installed accord- 
ing to the embodiment shown in Fig. 6. 10 
Fig. 10 is a perspective view schematically showing 
a state ot engagement ot the ink cartridges with a 
resetting member after the installation thereof 
according to the embodiment shown in Fig. 6. 
Figs. 1 1A to 11D are views schematically illustrat- is 
ing the processes in which each of the detection 
stages is obtained after the replacement of ink car- 
tridges according to the embodiment shown in Rg. 
S. 

Fig. 12 is a block diagram showing the structure of so 
a circuit according to the present invention. 
Fig. 13 is a flowchart showing the operational pro- 
cedure for detecting ink cartridges according to the 
embodiment shown in Fig. 6. 

Figs. 14A to 14C are views schematically illustrat- 25 
ing the structure around a cartridge guide accord- 
ing to still another embodiment of the present 
invention as well as the operation of installing the 
ink cartridge. 

Fig. 15 is a view schematically showing the struc- 30 
ture around an ink cartridge according to still 
another embodiment of the present invention. 
Fig. 16 is a view schematically showing the struc- 
ture around an ink cartridge according to still 
another embodiment of the present invention. 35 
Fig. 17 is a view schematically showing the struc- 
ture around an ink cartridge according to still 
another embodiment of the present invention. 
Rg. 1 8 is a perspective view schematically showing 
another embodiment of an ink jet recording appara- 40 
tus according to the present invention. 
Rg. 19 is a perspective view schematically showing 
the ink jet recording head represented in Fig. 18. 
Rg. 20 is an exploded perspective view schemati- 
cally showing an ink jet recording head and a car- « 
riage. 

Rg. 21A is a side view schematically showing an 
optical sensor. 

Rg. 21 B is a front view schematically showing the 
optical sensor. so 
Rg. 22 is a block diagram showing a control system 
for a sensor and a controller. 
Frg. 23A illustrates a detection signal at the time of 
normal operation. 

Rg. 23 B illustrates a detection signal at the time of 55 
abnormal operation. 

Rg. 24A illustrates a case in which a mechanical 
switch is used as a sensor. 



Fig. 24B illustrates a detection signal at the time of 
normal operation. 

Rg. 25 is a view schematically showing the posi- 
tional relationship between a recording head dually 
functioning to detect the ink remains, and a sensor. 
Rg. 25 is a view schematically illustrating another 
embodiment of a recording head having a structure 
which dually functions to detect the ink remains. 
Rg. 27 is a view schematically illustrating a struc- 
tural example of detecting a specific position of liq- 
uid level in an ink cartridge. 
Rg. 28 illustrates an example of electrical signal 
detected according to the structural example shown 
in Rg. 27. 

DETAILED DESCRIPTION OF THE PREFERRFH 
EMBODIMENTS 

[0024] Hereinafter, with reference to the accompany- 
ing drawings the detailed description will be made of the 
embodiments according to the present invention. 
[0025] Rg. 1 is a perspective view schematically 
showing an ink jet recording apparatus according to an 
embodiment of the present invention. Rg. 2 and Fig. 3 
are cross-sectional views showing the ink jet recording 
apparatus represented in Rg. 1. 
[0026] In Fig. 1 to Fig. 3. the same reference marks 
are applied to the same elements as those appearing in 
Fig. 6, and the descriptions thereof will be omitted. 
[0027] In Fig. 1 , a reference numeral 23 designates a 
piece extruding from an ink cartridge 18; 20a and 20b. 
the supporting members which are arranged on both 
ends of a carriage 2 in the main scanning direction, 
respectively: and 19. a flag-shaped member having a 
shaft which is coupled to the holes arranged on both 
sides of the pair of supporting members 20a and 20b so 
that this member is rotatively supported by them. This 
flag-shaped member 1 9 can stand up by rotating itself 
90 degrees so that it can be held in a position indicated 
by two-dot chain lines in Rg. 1 when one end of the 
member is pressed by the extruding piece 23. 
[0028] The flag-shaped member 19 can be held by a 
frictional force exerted between the supporting mem- 
bers 20a and 20b, and the rotative shaft of the flag- 
shaped member 19. Here, a reference numeral 21 des- 
ignates a sensor for detecting the flag-shaped member 
19 when the carriage 2 moves and the flag-shaped 
member 1 9 approaches the sensor; and also, 22, a cam 
for rotating the flag-shaped member 19 along the move- 
ment of the carriage 2 in order to fall ft down in the hori- 
zontal direction. 

[0029] In the above-mentioned ink jet recording appa- 
ratus, if an ink cartridge 18 is replaced before starting a 
printing due to the insufficient ink remains in the ink car- 
tridge 18, the one end of the flag-shaped member 19 is 
pressed to rotate it to 90 degrees as described above. 
This member is held in a state as shown in Rg. 2. 
[0030] Subsequently, when the ink cartridge 18 filled 
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with ink is installed anew in the predetermined position 
on the carriage 2. the flag-shaped member 19 is still 
kept in the previous position because of due to the fric- 
tional force described above. It is not pressed backward 
by the extruding piece 23, either, 5 
[0031] Now, when the carriage 2 is moved toward a 
recording medium 9, the sensor 21 detects the 
approaching flag-shaped member 19 to notice that the 
ink cartridge 18 is replaced. Also, by means of the cam 
22, the flag-shaped member 19 is rotated to fall down io 
and restore it to the state prior to the replacement of the 
cartridges as shown in Fig. 1 , thus being on standby lor 
the next replacement of the cartridge 18. Fig. 3 illus- 
trates this state. 

[0032] When the flag-shaped member 19 stands up to is 
enable the sensor 21 to detect the presence of this 
member, it is verified that the ink cartridge has been 
replaced. In this case, there is a possibility that the air is 
mixed with ink as air bubbles when it is allowed to enter 
from the leading end of an ink tube it. This may result in to 
a dislurbed image due to a hitch in the ink supply. In 
order to avoid this disturbance, a cap 1 2 is used to cover 
the recording head 1 for the execution of the suction 
recovery process to remove the air bubbles. Then the 
intended recording is started. Also, even in a case that 25 
the power from the power-supply Is suspended due to 
the power outage or the like after the replacement of the 
ink cartridge 18, it is possible to verify that the ink car- 
tridge 18 has been replaced because the flag-shaped 
member 19 still remains stood up. 30 
[0033] After the discharge recovery process, the cap 
12 is retracted by a driving means (not shown) from the 
recording head 1. Then the power from a motor 4 is 
transmitted to the carriage 2 through a wire 7 tensioned 
around a driving pulley 5 and a driven pulley 6. In this as 
way, the recording head 1 reciprocates in the directions 
indicated by arrows 13 in Bg. 1. During this period, ink 
droplets are discharged onto the recording medium 9 
for recording. Each time the recording head 1 recipro- 
cates as described above, the recording medium 9 is 40 
fed in a given length (equivalent to the arrangement 
width of the discharge ports, for example). These move- 
ments are repeated to execute a recording. 
[0034] Fig, 4 is a perspective view showing another 
embodiment according to the present invention. « 
[003S] In the embodiment 1 , the recording head is 
one, but here, the description will be made of a case 
where the present invention is applied to an ink jet 
recording apparatus which uses two recording heads 
each for a dark ink and a light ink, for example. so 
[0036] In the present embodiment, two ink cartridges 
18a and 18b are arranged for the two recording heads 
1a and lb. The ink cartridges 18a and 18b are arranged 
on the carriage 2 in parallel in the main scanning direc- 
tion. The extruding pieces 23a and 23b, supporting 55 
members 20a, 20b. 20c, and 20d are structured to func- 
tion in the same manner as those in the embodiment 1 . 
Therefore, any detailed descriptions thereof will be omit- 



ted, in this respect, reference numerals 12a and 12b 
designate caps to cover the discharge port surface of 
the recording heads 1a and 1b when the recording 
heads 1 a and 1 b are in the capping position. 
[0037] In the above-mentioned ink jet recording appa- 
ratus, when the used up ink cartridge 18a or 18b is with- 
drawn, the flag-shaped member 19a or 1 9b is caused to 
stand up accordingly. Then, such state remains 
unchanged even after a new ink cartridge is installed. 
[0038] Subsequently, when the carriage 2 is moved, 
the sensor 21 detects the approaches of the flag- 
shaped members 1 9b and 1 9a in that order to verify that 
the ink cartridges have been replaced. 
[0039] When the carriage 2 is further moved, the cam 
22 presses the flag-shaped members 19b and 19a cor- 
relatively in that order, the flag-shapad members 19b 
and 19a are caused to rotate to fall down so that the 
members are on standby for the next replacement of ink 
cartridges. 

[0040] In the present embodiment, it is possible to 
detect the replacement of ink cartridges in an ink jet 
apparatus which uses two recording heads 1a and lb 
without any additional provision of the sensor 21 and 
cam 22 as described above. 

[0041] Fig. 5 is a perspective view showing still 
another embodiment according to the present invention. 
[0042] In the present embodiment, the recording head 
1 is in the capping position, and when the head 1 is 
being capped, that is, the recording head is at rest in the 
standby position for recording, the flag-shaped member 
1 9 is caused to fall down without any movement of the 
carriage 2, so that this member is returned to the state 
where no ink cartridge 18 is replaced. The present 
embodiment relates to a structure thereby to perform 
such an operation. 

[0043] In Fig. 5, a reference numeral 27 designate an 
arm which presses one end of the flag-shaped member 
1 9 to fall it down; and 27a, the central shaft for rotatively 
supporting the arm 27. 

[0044] A reference numeral 24 designates a solenoid 
which is coupled to the other end of the arm 27. When a 
given power is supplied to energize this solenoid 24, a 
driving force is given to the arm 27. 
[0045] A reference numeral 25 indicates the direction 
in which the arm 27 is pulled by the solenoid 24 ; and 26, 
a tensioning spring to give a tensioning force to the arm 
27 when the solenoid is deenergized. 
[0046] In the above-mentioned Inkjet recording appa- 
ratus, when the ink cartridge 18 is replaced, the flag- 
shaped member is kept standing up as in the embodi- 
ment 1. Then as the carriage 2 moves, the sensor 21 
detects the approaching flag-shaped member 1 9 to ver- 
ify that the ink cartridge 1 8 has been replaced. 
[0047] After that when the carriage 2 is moved to the 
capping position, the solenoid 24 is energized to rotate 
the arm 27 by overcoming the biasing force exerted by 
the tensioning spring 26. In this way, the flag-shaped 
member 1 9 is caused to rotate and fall down to be in the 
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state prior to the replacement of the cartridge, thus 
being on standby for the next replacement of the ink car- 
tridge. 

[0048] According to the embodiments described 
above, the flag-shaped member is caused to change its s 
positions from one of the two positions, where the mem- 
ber can be held, to the other when the detachable ink 
cartridge is removed from the carriage. Also, when a 
new ink cartridge is installed in this state, the flag- 
shaped member can maintain its position. Then the to 
flag-shaped member which is in this other position is 
detected by detection means. In this way, the replace- 
ment of ink cartridges is verified. 
[0049] As a result, the replacement of cartridges can 
be detected without any additional provision of elec- is 
trode or the like on each of the ink cartridges. It will suf- 
fice if only a minimum operation of removing the air ■ 
bubbles can be performed after the replacement. Also, 
only one detection means is good enough for the pur- 
pose even when a plurality of ink cartridges are so 
— installed. - — - 

[0050] Also, even if the electricity from the power-sup- 
ply is suspended after the replacement of the ink car- 
tridges, there is no hitch in detecting the flag-shaped 
member mechanically without any auxiliary power-sup- 25 
ply such as a battery in the recording apparatus, and 
any means for storing the result of detection in it. 
[0051] Also, the above-mentioned detection means 
not only can detect the attachment and detachment of 
the ink cartridge to the carriage, but also can detect the 30 
attachment and detachment of a head for reading a 
recording head and an original document to. the car- 
riage. 

[0052] Also, according to the above-mentioned 
embodiments, it is of course possible to obtain excellent is 
primed images by use of the ink jet recording head 
which will be described in conjunction with Fig. 20. 
[0053] Fig. 6 is a view showing still another embodi- 
ment according to the present invention. In the present 
embodiment, an example of the serial ink jet recording 40 
apparatus is represented. In this example of the appara- 
tus, an ink jet recording head is mounted on a carriage 
together with an ink cartridge in which a plurality of color 
ink are stored separately. 

[0054] Here, a reference numeral 101 designates a 45 
carriage; 102, an ink jet recording head having an ink 
discharge function for discharging a plurality of color ink 
separately; 103, a cartridge guide which is mounted on 
the carriage 101 together with the recording head 102; 
and 104 and 105, the ink cartridges which are detacha- so 
bly held by the cartridge guide 103. In this respect, 
according to the present embodiment, in one of the ink 
cartridges 104, black ink is filled in a tank, and in the 
other one of the ink cartridges 1 05, ink of three different 
colors, yellow, magenta, and cyan, are filled in the indi- ss 
vidua) tanks, respectively. From each of the ink tanks, 
ink of different color is supplied to each corresponding 
ink discharge unit of the recording head 102. 



[0055] Reference numerals 106A and 106B designate 
the guide shafts for the carriage 101; 107. a pressure 
plate for holding a sheet S in the recording position; 
108. a feed roller to guide the recording sheet S to the 
recording position; 109. a sheet feed roller capable of 
feeding the sheet S for a one-line portion each time 1he 
recording is made for the one-line portion; 110, an 
installation frame; and 111, a horizontally U-shaped 
sensor {means for detecting positions) for detecting the 
home position which is mounted on the frame. When 
the carriage 101 is moved along the guide shafts 10SA 
and 1 06B to the home position (HP) outside the record- 
ing area, a fixed piece to be detected (hereinafter 
referred to as a fixed interrupter) 1 12, which is arranged 
to extrud9 from the carriage 101 to the sensor 1 1 1 side, 
is guided to the recessed portion of the sensor 111. 
Thus, the beam from a home position sensor formed by 
a photocoupler of a transmitting type is interrupted so 
that the home position can be detected, for example. 
[0056] Also, reference numerals 1 1 3 and 1 1 4 desig- 
nate the movable pieces of a lever type to be detected 
(hereinafter referred to movable interrupters) which are 
arranged on the inlets 103A and 103B of the cartridge 
guide 103, through which the ink cartridges are 
inserted. Now, in conjunction with Ftg. 7 and Fig. 8, the 
structures of these movable interrupters 113 and 114 
will be described. In other words, these movable inter- 
rupters 113 and 1 1 4 are structured to be extruded to the 
sensor 111 side when the ink cartridges 104 and 105 
are inserted into the cartridge guide 103 as shown in 
Fig. 7. Here, reference numerals 1 13A and 1 14A desig- 
nate the springs with which to keep the members 113 
and 114 falling down as shown in Fig. 7 when the ink 
cartridge is not inserted; 113B and 1 148, the actuation 
arms extruding from the members 113 and 1 14 to the 
inlets 103A and 103B sides tor inserting the ink car- 
tridge as shown in Fig. 8; and 1 13c and 1 14c, the sup- 
porting shafts which support the members 113 and 114 
rotatively. 

[0057] On the other hand, first grooves 104A (1 OSA) 
and second grooves 104B (105B) are arranged in paral- 
lel in the ink cartridges 104 and 105 as shown in Fig. 7. 
When the ink cartridge 1 04 is inserted into the cartridge 
guide 103 from the inlet 103 A for inserting ink cartridge 
in the direction indicated by an arrow A, for example, the 
actuation arm 1 13B of the movable interrupter 1 13 is fit- 
tingly inserted into the first groove 104A (see Fig. 8). 
Then the extrusion 113BB of the actuation arm 113B 
slides along the tapered portion 104AA of the first 
groove 104A to cause the movable interrupter 113 to 
stand up in the direction of the sensor 1 1 1 as shown in 
Fig. 9, and at the same time, actuate the member 1 1 3 in 
the directions each indicated by an arrow B in Fig. 7 and 
Fig. 8 against the force of the spring 1 13A. The function 
of the second groove 104B will be referred to when the 
remaining operation is described. Here, the same action 
as described above will take place when the ink car- 
tridge 105 is inserted. 
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[0058] Now, in conjunction with Fig. 9 and Fig. 10, the 
description will be continuously made of the operation of 
the carriage 101 while the cartridge guide 103, ink car- 
tridges 104. and 105 are being mounted on it. In Fig. 9 
and Fig. 10, a reference numeral 120 designates a 5 
member (hereinafter referred to as resetting member) 
which participates in confirming the completion of action 
each time the ink cartridge 104 and/or 105 is replaced 
by allowing the resetting member to engage with the 
movable interrupters 113 and 114 extruding from the jo 
cartridge guide 103. It is preferable to arrange the reset- 
ting member 120 in a position outside the recordable 
area on the side opposite to where the HP detection 
sensor is arranged as shown in Fig. 6. In this respect, in 
order to make it easier to understand the structural is 
setup, the mounted ink cartridges 104 and 105 areomit- 
ted in Fig. 9 and Rg. 10. 

[0059] In Fig. 9 and Fig. 10, a reference numeral 1 14D 
designates a tunneled portion arranged on the extru- 
sion of the movable interrupter 114. and also, 121 and 20 
122, coupling ribs extruding upward from the resetting 
member 120 and having the tapered portions 121 A and 
122A formed on the recordable area side, respectively. 
These coupling ribs 121 and 122 are formed at the 
same interval as the distance between the movable 25 
interrupters 113 and 114. 

[0060] Now, after the ink cartridge 104 or 105 is 
replaced {see Fig. 6) and further, the resetting and 
recovery operation are carried out in the home position, 
the cartridge guide 103 maintained in the state shown in 30 
Fig. 9, and the movable interrupters 113 and 114 
extruding from the guide are conducted to the position 
of the resetting member 120 as shown in Fig. 10. Then 
by means of the coupling ribs 121 and 122 of the reset- 
ting member 1 20, the movable interrupters 1 1 3 and 114 35 
are caused to rotate in the direction indicated by arrows 
D at a time. As a result, the extrusions 113BB and 
114BB provided for the movable interrupters 113 and 
114 disengage from the first grooves 104 A and 105A 
shown in Fig. 2. Then the interrupters are guided to the <o 
second grooves 104B and 105B by the force of the 
springs 1 13A and 1 1 4A. 

[OD61] In this respect, as shown in Fig. 7, the tapered 
portions 104c and 105c are formed on the end side of 
the ink cartridges 104 and 105 in the direction in which 4s 
to pull then up. Therefore, it is easy to withdraw the ink 
cartridges 104 and 105 in the direction indicated by an 
arrow A' at any place, respectively. At the same time 
that the ink cartridges are withdrawn, the movable inter- 
rupters 113 and 114 can be set in the state shown in so 
Fig. 7 or Fig. 8. These operations are carried out for 
each of the ink cartridges 104 and 105. Also, the pres- 
ence or absence of the ink cartridges 104 and 105 are 
detected by the home position sensor 111. Although its 
operation will be described later in detail, if the ink car- 55 
tridges 104 and 105 are not mounted on the cartridge 
guide 103 as shown in Fig. 8, for example, the home 
position sensor 1 1 1 delects at first a fixed interrupter 



112 when the carriage 101 moves in the direction indi- 
cated by an arrow C. and then, detects no movable 
interrupter 1 13 and/or 1 14 in a given position. It is thus 
determined that the ink cartridges are absent. 

[0062] Also, if the ink cartridges 104 and 105 are 
mounted, the home position sensor 111 detects the 
fixed interrupter 112, the movable interrupters 113 and 
1 14 one after another in that order as shown in Fig. 9, 
thus determining that the ink cartridges are present. 
[0063] Now, in conjunction with Figs. 1 1A to 1 1D, the 
description will oe made again in detail of the detecting 
operation to be executed as above for determining the 
presence or absence of the ink cartridges 1 04 and 1 05. 
In Rg. 11 A. the ink cartridges 1 04 and 1 05 are yet to be 
mounted on the cartridge guide 103 as shown in Rg. 8. 
In this stale, the carriage 101 moves in the direction 
indicated by an arrow C so that it is guided to the posi- 
tion of the HP (home position) detection sensor 111. 
Then only the fixed interrupter 1 12 which extrudes from 
the carriage 101 is detected by the HP detection sensor 
111. The movable interrupters 113 and 114 are not 
detected because these interrupters do not extrude 
toward the HP detection sensor 1 1 1 side. Hence it is 
determined that there are no ink cartridges, and then, 
an error signal is output from a controller, for example. 
[0064] Fig. 1 1 B illustrates the detecting operation 
immediately after the ink cartridges 104 and 105 are 
mounted. In this case, as described earlier, the extru- 
sions 113BB and 114BB of the movable interrupters 

113 and 114 are held by the first grooves 104A and 
105A on the ink cartridges 104 and 105 side, respec- 
tively, and at the same time, the members 113 and 114 
are held to extrude toward the HP detection 1 1 1 side as 
shown in Rg. 11B. Here, in this case, reference marks 
L1 and L2 designate the interval between the fixed inter- 
rupter 1 12 and the movable interrupters 113 and 1 1 4 in 
this state. In this way, immediately after the ink car- 
tridges 104 and 105 are mounted, the HP detection 
sensor 111 detects the movable interrupters 113 and 

1 14 passing at intervals L1 and 12 subsequent to hav- 
ing detected the fixed interrupter 112 as described 
above. Thus the installation of both ink cartridges 104 
and 105 are detected. In this respect, if only either one 
of the ink cartridges is mounted, one of the movable 
interrupters is detected subsequent to the detection of 
the fixed interrupter 1 12 so that such a state is distin- 
guished from the other, although not shown in the draw- 
ing. 

[0065] Fig. 11C illustrates the state in which the car- 
riage 101 is conducted to the resetting position as 
described earlier regarding the stale of installation of 
the ink cartridges 104 and 105 in conjunction with Fig. 
10, and then, by means of the coupling ribs 121 and 122 
of the resetting member 120, the movable interrupters 
113 and 114 are caused to shift from the first grooves 
104A and 105A of the ink cartridges 104 and 105 to the 
second grooves 104B and 105B. Also, Fig. 11D illus- 
trates the state after such a shift. Here, the reference 
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marks L3 and L4 designate the distance between the 
fixed interrupter 112 and the movable interrupters 113 
and 1 14 after the position thereof is moved due to the 
engagement of the carriage 101 and cartridge guide 
103 with the resetting member 120. 
[0066] Fig. 1 2 shows the structure of a circuit for con- 
trolling the embodiment represented in Fig. 6. In Fig. 12, 
reference numeral 130 designates a central processing 
unit (CPU); 131, a ROM; 132. a RAM; and 133, a coun- 
ter. In the ROM 131, a program of procedure is stored 
for controlling the ink cartridge when it is reset as 
described later, in addition to various programs for 
recording operations. The counter 133 retains the 
counted number of discharges from the recording head 
102 per kind of ink, and when the counted discharge 
numbers arrive at a predetermined value, a message or 
the like to prompt the replacement of the ink cartridge is 
indicated on a display means (not shown), for example. 
A reference numeral 134 designates recovery means 
for recovering the recording head 102; 135, a motor for 
feeding and supplying sheets; 136, a driver for this 
motor; 137. a motor for moving the carriage; 138, a 
driver for this motor; and 139, a driver tor the recording 
head 102. 

[0067] No*, in conjunction with Fig. 13, the descrip- 
tion will be made of the procedures of an operation for 
controlling the replacement of ink cartridges. 
[0068] In step S1, when the power-supply is turned 
on, the carriage 101 is once moved in step S2 to the 
recording area side as shown in Fig. 6. Then, in step S3, 
it is moved to the HP side (hereinafter, the movement in 
this direction is referred to as CR). In step S4, when the 
fixed interrupter 112 arranged on the carriage 101 is 
detected by the HP detection sensor 1 1 1, the process 
will proceed to step S5 where the HP position of the car- 
riage 101 is stored. Then, in step S6, the carriage is 
caused to further advance to the right-hand side in Fig. 
6 (CR). In step S7, it is determined whether or not the 
movable interrupter 11 3 is detected by the HP detection 
sensor 1 1 1 . If affirmative, it is further determined in step 
SS whether the detected position is at the distance L3 or 
L1 from the aforesaid detection position of the fixed 
interrupter 11 1 . If the distance is founded to be L3, it is 
determined in step S9 that the recovery operation has 
been already executed by the recovery means 134, and 
the counter 133 has been already reset in the HP after 
an ink cartridge for black ink is installed. 
[0069] Also, in step S10. if the distance is found to be 
L1 . it is determined in step S1 1 that the status is imme- 
diately after the installation of the ink cartridge for black 
ink, and that the recovery operation and the counter 
resetting are yet to be carried out. On this determina- 
tion, the recovery operation and the counter resetting 
are prompted. Thereafter, subsequent to the movement 
in the step S6, the detection by the HP detection sensor 
1 1 1 is executed in steps S1 2 and S1 4 in that order in the 
same manner as above. Then, it is determined whether 
the position of the movable interrupter 114 is (L4) as 



shown in Fig. 1 1D or (L2) as shown in Fig. 11B. If the 
determination is affirmative in step S12, it is further 
determined in step Si 3 that the cartridge 105 for color 
ink is in a useable state. If the determination is affirma- 

s tive in step S14, it is further determined in step SIS that 
the ink cartridge for color ink is in a status immediately 
after the installation (that is, the recovery operation and 
the counter resetting are yet to be executed). 
[0070] In this way. in step Si 6. it is determined that the 

u> cartridge 101 is moved to a position outside the HP 
detection sensor 111 together with the cartridge guide 
1 03 as shown in Fig. 6. Then the process will proceed to 
step S1 7 so that the operation is executed by the routine 
corresponding to the determination made by the combi- 

rs nation of the determined states in steps S9, S1 1. S13, 
and SIS. In other words, given the states in the steps 
S9, S11, S13, and S15 as A. B. C. and D, respectively, 
both color and black can be used if the combination is A 
and C. Therefore, a recording by use of these kinds of 

20 ink become permissible. Also, if the combination is A 
and 0, only for the color ink. the recovery operation and 
counter resetting should be executed before recording. 
If the combination is B and C, only for the black ink, the 
recovery operation and counter resetting should be exe- 

25 cuted. Further, if the combination is B and D, both for the 
black ink and the color ink, the recovery operation and 
counter resetting should be executed before recording. 
[0071] In this respect if the determinations are all 
negative in steps S8. S10, S12, and S14, the ink car- 
at? tridges 104 and 105 are not installed a1 all. Also, if the 
determinations are negative only in the steps S8 and 
S10, only the ink cartridge for the black ink is not 
installed. If the determinations are negative only in the 
steps S12 and S14. it is determined that the ink car- 

35 fridge for the color ink is yet to be installed. Thus the 
process is treated as an error, for example. 
[0072] Figs. 14A to 14C are views showing another 
embodiment according to the present invention. How- 
ever, since the fundamental structure of the cartridge 

40 guide 103 is the same, the description will be made of 
only the attachment and detachment operation as well 
as the structure of the detection means for cartridge 
regarding the cartridge 104 for the black ink. The 
description of those regarding the color ink side will be 

45 omitted. 

[0073] For the carriage 101, there are arranged a fixed 
interrupter 112, and two movable interrupters for the 
respective insertion inlets 103A and 103B. that is, an 
interrupter 140 for detecting thB presence and absence 

50 of the cartridge, and an interrupter 141 for detecting the 
reset condition. The interrupter 140 for detecting the 
presence and absence ol the cartridge, which is inter- 
locked with the groove 104D, is caused to extrude or 
retract by interlocking with the attachment or the 

55 detachment of the cartridge 104 (105). while the inter- 
rupter 141 ior detecting the resetting condition slides 
into the second groove 104B (105B) of the cartridge 
after the completion of the recovery operation is 
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detected in the home position by the resetting member, 
lor example, as in the embodiment described in con- 
junction with Figs. 6 to 13. However, since the groove 
104B (105B) is deep, the interrupter 141 cannot extrude 
to the home position side, but retracts. Thus, if the car- 5 
tridge is yet to be installed as shown in Fig. 14A, only 
the fixed interrupter 112 is detected by the HP detection 
sensor. Therefore, immediately after the installation of 
the cartridge, two movable interrupters 140 and 141 are 
added, and three interrupters are detected as shown in 10 
Fig. 14B. Also, as shown in Fig. 14C, after the resetting 
and recovery operation, the movable interrupter 141 
retracts. Therefore, the remaining two interrupters are 
detected. According to the present embodiment, the 
above-mentioned three states are determined by the is 
number of interrupters. Consequently, compared to the 
detection to be carried out depending on the current dis- 
tances between the interrupters, the tolerance can be 
greater for the precision in which the parts should be fin- 
ished. Particularly when a plurality of objective car- 20 
tridges are present, it will suffice if only the numbers of 
interrupters are counted for detection subsequent to the 
detection of the fixed interrupter 1 1 2. 
[0074] Fig. 15 illustrates an example in which the HP 
detection sensor 1 1 1 is formed by a reflection type pho- 2s 
tosensor. The portions of the interrupters 112, 113, and 
114, which participate in detection together with the 
sensor, are made of a reflective plate 150, respectively. 
In this case, if the escape angle of the reflective plate 
1 50 are assumed to be small as indicated by the broken 20 
line, it does not reflect As a result, it is unnecessary to 
retract the interrupter almost at 90° for the purpose as in 
the case of the previous embodiments. Particularly, in a 
case where the number of the interrupters detected by 
the sensor is arranged to be changed as in the embodi- ss 
ment in Figs. 14A to 14C. the depth of each of the 
grooves 104A, 104B, and 104C for the cartridge can be 
made shallower. 

[0075] Fig. 16 illustrates an example in which the con- 
tact of a flat spring 1 1 1 A is utilized for the HP detection 40 
sensor 111 to function. With this, the fabrication cost 
can be reduced. 

[0076] Also, Fig. 1 7 illustrates an example in which the 
HP detection sensor is arranged to be of a lead switch 
type. The portions of the interrupters 112. 1 13, and 114. *s 
which participate in detection together with the sensor, 
are formed by a magnet 160. respectively. In this case, 
instead of the coupling ribs, a magnet is used as a 
resetting member 170, a magnet is used as shown in 
Fig. 17. This magnet has the poles opposite to those of so 
the magnets provided for the movable interrupters 113 
and 114. 

[0077] As described above in detail, according to the 
embodiments represented in Fig. 6 to Fig. 17. there are 
provided the means for detecting positions, which is ss 
arranged with respect to the home position, and detects 
the shifted positions of the carriage; and a fixed piece 
arranged for the carriage along the direction in which 



the carriage moves for detection by the aforesaid means 
for detecting positions; and the movable pieces which 
are interlocked with each operation of the ink cartridge 
installations to the carriage, and whose positions are 
changeable between the position in which the pieces 
can be detected by the aforesaid means for detecting 
positions, and the position in which the pieces cannot 
be detected thereby. With the aforesaid fixed piece to be 
detected, the movement of the carriage to its home 
position can be detected. Also, with the movable pieces 
to be detected, the presence and absence of the 
installed ink cartridges on the carriage can be detected. 
Consequently, with a small and simple structure, it is 
possible to detect the presence and absence of the 
installed ink cartridges, the resetting of the counted 
value of ink discharge numbers after the installation, 
and the execution of the required recovery operation by 
the application of means for detecting positions and the 
detected positions of the movable pieces provided for 
the carriage. In this way, an ink jet recording apparatus 
which is easy to operate can be provided at a low cost. 
This apparatus does not force its operator to do any 
extra work on operating keys or the like after replace- 
ment of ink cartridges. 

[0078] Also, the detection means described above in 
conjunction with Fig. 6 to Fig. 1 7 not only can detect the 
attachment and detachment of the ink cartridges to the 
carriage, but also can detect the attachment and 
detachment of a head to the carriage for reading out a 
recording head and an original document. 
[0079] Also, according to the above-mentioned 
embodiments, printed images of an excellent quality 
can be obtained, of course, by use of an ink jet record- 
ing head which will be shown later in Fig. 20. 
[0080] Now, in conjunction with Fig. 18 to Fig. 26, the 
description will be made of another embodiment 
according to the present invention. 
[0081 ] As shown in Fig. 1 8, when a recording appara- 
tus 210 is in a recording operation, a recording medium 
215 is fed by a feed roller 217 in the direction indicated 
by an arrow A. Further, it is exhausted by an exhaust 
roller 218 in the direction indicated by an arrow B. This 
movement is the subscan. During this period, the 
recording head 212 mounted detachably on a carriage 
211 reciprocates along a guide shaft 215 by the move- 
ment of a lead screw 214 rotated by a motor for driving 
the carriage. This movement is the main scan. When 
the main scan is in operation, the subscan is at rest. 
During the period of a main scan, the ink droplets are 
discharged from the discharge ports of the recording 
head 212 as required in response to the inputted data. 
A flexible cable 219 is for inputting the aforesaid data 
and control signals to the recording head 212. An ink 
tank 221 for black ink and an ink tank 222 for color ink 
are for retaining each of the color ink to be supplied to 
the recording head 212. Each of the ink tanks 221 and 
222 is also detachably mountable on the carriage 211. 
[0082] As described above, the recording head 21 2 is 
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structured to be deischabty mounted on the carriage 
211. Should any trouble take place in the recording 
head 212, it is possible to replace such a recording 
head 212 with a regular product Also, each of the ink 
tanks 221 and 222 are structured to be exchangeable. 5 
When ink is totally consumed after a given amount of 
recording operation, it can be replaced with a new ink 
tank 

[0083] As shown in Fig. 19, there is arranged for each 
of liquid passages in the ink jet recording head 212, the 10 
electrothermal transducer 204 to which an applied volt- 
age is supplied for generating the thermal energy in 
order to discharge recording liquid from each of the plu- 
ral discharge ports 207 which are arranged in an array. 
When a driving signal is applied, each of the respective 15 
electrothermal transducers 204 generates thermal 
energy to create film boiling in the ink liquid passage for 
the formation of air bubble in ft, and then, by the devel- 
opment of this air bubble, an ink droplet is discharged 
from each of the discharge ports 207. 20 
[0084] Fig. 20 is an exploded perspective view show- 
ing the recording head and the carriage. The recording 
head 212 is mounted on the carriage 211. Further, the 
ink tank 221 for black ink and the ink tank 222 for color 
ink are connected to the recording head 202 through 25 
each individual connecting pipe 220. The interior of the 
ink tank 222 for color ink is partitioned for yellow, 
magenta, and cyan separately. The number of the dis- 
charge ports 207 for discharging ink is 136 in total. In 
Fig. 20, there are arranged from the above, 24 ports for 30 
yellow, 24 ports for magenta, and 24 for cyan, and 64 for 
black in that order. 

[0085] Now, the features of the present embodiment 
will be described. Fig. 21 A is a side view showing a sen- 
sor. Fig. 21 Bis a front view showing it 35 
[0086] As shown in Fig. 18 to Fig. 21 B, the sensor 230 
is fixed to the main body of the recording apparatus so 
that it can be positioned within the movable range of the 
carriage 211 of the recording apparatus 210. This sen- 
sor 230 is an optical sensor. A beam is emitted from the 10 
light emitting portion 231 thereof, and the sensing is 
effectuated by receiving the beam reflected from an 
object by use of the photodetecting portion 232. A slit 
233 is arranged in front of the photodetecting portion 
232 in order to make the detecting orientation of the « 
reflected beam better, thereby to enhance the precision 
of detection. The electric circuit for the sensor 230 is 
structured so that a high (H) level signal is output to a 
controller which will be described later when there is an 
object immediately before the sensor 230. and a low (L) 50 
level signal is output thereto if there is no object It the 
object has a good absorption of light, there is a possibil- 
ity that the low (L) level signal is output even if an object 
is present. Therefore, H is desirable to use a material 
having a particular characteristics of light reflection for ss 
an object to be sensed, that is, the surfaces of the car- 
riage 211, the recording head 212, and each of the ink 
tanks 221 and 222. 



[0087] As shown in Fig. 22, the sensor 230 is con- 
nected to the controller 234 of the recording apparatus 
210 (see Fig. 18), and on the indication panel 219, 
whether the sensor 230 outputs a low (L) level signal or 
a high (H) level signal is displayed. 
[0088] Figs. 23A and 23 B illustrate the signal detected 
by the sensor 230. Fig. 23A represents a signal at the 
time of regular operation. Fig. 23B represents a signal 
detected whan no ink tank for color ink is installed. The 
normal operation of the carriage 21 1 , the normal instal- 
lation of the recording head, and the normal installation 
of each of the ink tanks are confirmed in the manner 
given below. 

[0089] As shown in Fig. 1 7 to Fig. 23B, while monitor- 
ing signals from the sensor 230 immediately before a 
recording operation, the controller 234 controls the 
motor 235 for driving the carriage in order to allow the 
carriage 211 to scan at a speed slower than the 
traveling speed of the carriage in the usual recording 
operation. To slow down the scanning speed is to mini- 
mize any malfunction that may occur in detection. In 
synchronism with the traveling of the carriage 21 1 , the 
signals from the sensor 230 are sensed. In a position 
where the end of the carriage 21 1 is supposed to be in 
a position immediately before the sensor 230, the S1 is 
sensed to examine whether or not the carriage 211 is in 
a normal operation. If no sense signal S1 is obtained at 
the juncture (that is. if it is an L level signal), the carriage 
operation is erroneous. Thus the controller 234 displays 
the carriage operation error on the indication panel 219. 
In the same way, the signal S2 from the sensor 230 in a 
position immediately before the ink tank 222 for color ink 
is sensed. If the signal is obtained, the operation is nor- 
mal, but if no signal is obtained, it is determined that 
there is no installation of the ink tank 222 for color ink. 
Thus the controller 234 displays the color ink tank error 
on the indication panel 21 9. The same is applicable to 
the examination on the ink tank 221 for black ink If an 
error indication is displayed, the recording operation is 
suspended. 

[0090] In the embodiment described in conjunction 
with Fig. 18 to Fig. 23B, an example is represented, in 
which both the recording head and the ink tanks are 
exchangeable. However, the above-mentioned is not 
limited to such an example. It is also applicable to a 
case where only the ink tanks are exchangeable or to a 
case where only the recording head is exchangeable. 
[0091 ] Also, in the above-mentioned embodiment, the 
description has been made of the case where the ink 
tanks are two. However, it is not limited to such a case 
only. The number of ink tanks may be only one tor the 
use of black ink or three for the use of yellow, magenta, 
and cyan, respectively, or four for the use of yellow, 
magenta, cyan, and black, respectively. 
[0092] Further, an optical sensor is exemplified for 
use, but the sensor is not limited to the optical one. It 
may be possible to use a mechanical sensor, for exam- 
ple. Fig. 24A illustrates an example of a mechanical 
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sensor. The carriage 21 1, each of the ink tanks 221 and 
222, and the recording head 211 move correlative!/ to 
the main body of the recording apparatus in the direc- 
tion indicated by an arrow C to abut on a mechanical 
switch 241. Then the mechanical switch 241 can obtain 
a signal shown in Fig. 24B. Fig. 24B illustrates the sig- 
nal generated in a normal case. 
[0093] In this respect it may also be possible to use a 
magnetic sensor for detection by forming an object to be 
sensed with a metal or a magnetic material. 
[0094] In addition to the above-mentioned embodi- 
ments, the ink remains for each color ink can be 
detected. Fig. 25 is a view showing a structure in which 
the detection of the ink remains is dually provided. This 
view represents the positional relationship between a 
recording head and a sensor, which are observed from 
behind. The photodetecting portion 232 of the sensor 
230 is positioned in a location corresponding to the 
lower part of the ink tanks 221 and 222. In Fig. 25, the 
remains in the magenta ink tank (M) is small in the tank 
222 for color ink This results in an error for no magenta 
ink. The left end side of each of the ink tanks 221 and 
222 is arranged to a reflective portion 237 which senses 
the presence or absence of the ink tank. The ink tank is 
made of a material having a good transparency of light 
so that the ink contained in it can be sensed directly. If 
the ink also has a good transparency of light, floats 236. 
238. 239. and 240 are provided in each of the ink tanks 
221 and 222. If the position of any one of the floats 236, 
238, 239, and 240 is detected at a lower part in the ink 
tank, it is assumed that the ink remains in thai particular 
tank' are small or zero. Also, 'it is possible to detect the 
amount of ink in each of the ink tanks by arranging 
many numbers of photodetecting portions 232 of the 
sensor 230 over the depth direction of each ink tank. 
[0095] Now. in conjunction with Fig. 26. another 
embodiment will be described. 
[0096] Fig. 26 is a cross-sectional view showing an ink 
cartridge 320. The present embodiment shown in Fig. 
26 does not need any float 236. and shows a different 
structure for detection. 

[0097] A detection sensor 321 for ink remains com- 
prises a light emitting element 321a which emits infra- 
red fight 310 and a photodetecting element 321b 
capable o1 receiving light from the light emitting element 
321a. 

[0098] An light reflection prism 321c is formed inte- 
grally with the ink cartridge 320 by polypropylene or 
some other almost transparent material. Thus, when 
there is no ink on the inclined surfaces of the head por- 
tion of the light reflection prism 321 c, the beam from the 
light emitting element 321a is reflected and caused to 
arrive at the photodetecting element 321b. On the other 
hand, when the ink is filled around the inclined surfaces 
of the head of the light reflection prism 321c. the reflec- 
tion of the beam from the light emitting element 321 a is 
reduced. The luminous energy which can arrive at the 
photodetecting element 321b becomes small to make it 



possible to detect the presence or absence of ink, 
[0099] In this respect, a reference numeral 336 desig- 
nates an ink supply outlet for supplying ink from ihe ink 
cartridge 320 to an ink jet recording head (not shown). 
5 [0100] Hereinafter, the principle of the detection will 
be described. 

[0101] The light reflection prism 321c has an angled 
part formed by inclined portions 341 and 342 almost at 
90°. 

V) [0102] This angled part is arranged in the ink cartridge 

320 in such a manner that the infrared light emitted from 
the light emitting element 321a is reflected by the 
inclined portion 341 , and then, reflected again by the 
inclined portion 342 to return it to the photodetecting 

is element 32 lb. 

[0103] Also, at least the part of the inclined portions 

321 and 322 where the remains are detected (the posi- 
tion P in Fig. 26, for example) is formed by a material 
having a light transparency of the same refractive index 

20 as or an index extremely close to that of the liquid which 
is contained in the cartridge or either one side of the 
inclines portions 321 and 322 is treated by a mirror 
processing or the like so that the infrared light can be 
reflected. 

ts [0104] The specific principle of detection of the 
remains will be described as follows: 
[01 05] The refractive index of the air is approximately 
1.0: that of ink. approximately 1.4; and that of polypro- 
pylene, approximately 1.5. This is an exemplified mate- 

ao rial for the formation of the part of the inclined portion 
341 or 342 of the light reflection prism 321c where the 
remains are detected. 

[0106] Here, (1) when ink is present in the ink car- 
tridge 320, the reflective index of ink and that of the 

3S material of the part in the detecting position of the 
remains are extremely close to each other. Thus the 
infrared light 310 does not reflect on the inclined por- 
tion, and (2) if no ink is present in the ink cartridge 320. 
the reflective index of the air and that of the material of 

40 the part in the detecting position of remains are dilfer- 
ent. Thus the infrared light 310 reflects on the inclined 
portion. Then, the difference in the luminous energies 
arriving at the photodetecting element 321 b at that time 
is transformed into electric signals by the known method 

is of photoelectric transformation. In this way, 'it is possible 
to detect the presence or absence of ink in the ink car- 
tridge 320. 

[0107] Here, as shown in Fig. 27, a plurality of ink car- 
tridges are mounted on the carriage 351 movably 

so together with the recording head 350. At the same time, 
each angled part formed by the inclined portions 321 
and 322 is positioned upward in the ink cartridge, 
respectively. The inclined portions are formed by a 
material whose reflective index is extremely close to 

ss that of ink as described above. In this way. it is possible 
to detect the specific position of the liquid level of ink in 
each of the ink cartridges. 

[0108] Fig. 28 illustrates an example of electrical sig- 
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nal detected when the carriage on which a recording 
head and a plurality of ink cartridges are mounted 
together is moved against a detector 331 . 
[0109] The carriage moves against the detector at a 
constant speed. When the tank Y for yellow ink passes, 
the detected signal Vout is at a low level Ov only for a 
time TV. Since this signal is detected in synchronism 
with the movement of the carriage, it is possible to rec- 
ognize that it is a signal for the tank for yellow ink. Then, 
a TM is detected tor the magenta tank M. Similarly, 
thereafter, a TC tor the cyan, and a TBk for the black are 
detected. The low level time for the detected signal has 
a length which corresponds to the ink remains. In this 
way. not only the presence or absence of ink in each of 
the ink tanks can be detected, but also, the ink remains 
can even be detected. 

[0110] In this respect, the detection mechanism 
described in conjunction with Fig. 18 to Fig. 26 is capa- 
ble of detecting the ink remains in the ink tank of such a 
structure where a recording head and an ink tank are 
formed together, in addition to being capable of detect- 
ing the ink remains in an ink cartridge. Further, it is pos- 
sible for such a mechanism to detect the presence or 
absence of a recording head as well as a reading head 
arranged on a carriage. 

[0111] Also, there is no longer needed any flexible 
cable by providing the main body of a recording appara- 
tus with a sensor which is capable of detecting at least 
one of the carriage and recording head. At the same 
time, the presence and absence of the recording head 
and the ink tank can be detected. As a result a small 
motor can be employed for driving the carriage, thus 
making it possible to provide a smaO ink jet recording 
apparatus. 

[0112] Furthermore, it is possible to detect whether or 
not the carriage is in a normal operation at the same 
time. 

[0113] In this respect, the present invention produces 
an excellent effect on the recording head or the record- 
ing apparatus which is provided with means (such as 
electrothermal transducers, laser beam, or the like) for 
generating 1he thermal energy to be utilized as the 
energy, thereby the change of state of ink is created to 
discharge ink for recording, because with this method, it 
is possible to achieve a highly densified and precise 
recording. 

[0114] Regarding the typical structure and operational 
principle of such a method, it is preferable to adopt 
those which can be implemented using the fundamental 
principle disclosed in the specifications of U.S. Patent 
Nos. 4,723,129 and 4,740,796. This method is applica- 
ble to the so-called on-demand type recording system 
as well as to a continuous type recording system. Par- 
ticularly, it is suitable for the on-demand type because 
the principle is such that at least one driving signal, 
which provides a rapid temperature rise beyond a 
departure from nucleation boiling point in response to 
recording information, is applied to an electrothermal 



transducer disposed on a liquid (ink) retaining sheet or 
liquid passage whereby to cause the electrothermal 
transducer to generate thermal energy to produce film 
boiling on the thermoactive portion of the recording 

5 head; thus effectively leading to the resultant one to one 
formation of a bubble in the recording liquid (ink) for 
each of the driving signals. By the development and 
contraction of the bubble, the liquid (ink) is discharged 
through a discharging port to produce at least one drop- 
is let The driving signal is preferably in the form of pulses 
because the development and contraction of the bub- 
bles can be effectuated instantaneously, thus discharg- 
ing the liquid (ink) with particularly quick responses. The 
driving signal in the form of pulses is preferably such as 

T5 disclosed in the specifications of U.S. Patent Nos. 
4,463,353 and 4.345,262. In this respect, it is possible 
to execute an excellent recording in a better condition if 
the rate of the temperature increase of the heating sur- 
face is adopted as disclosed in the specification of U.S. 

a, Patent No. 4,313,124. 

[01 1 5] The structure of the recording head may be as 
shown in each of the above-mentioned specifications 
wherein the structure is arranged to combine such dis- 
charge ports, liquid passages, and electrothermal trans- 

25 ducers as disclosed in the specification (linear type 
liquid passage or right angle liquid passage). Here, 
there is also included in the present invention, a struc- 
ture such as disclosed in the specifications of U.S. Pat- 
ent Nos. 4,558,333 and 4.459,600 wherein the portions 

30 thermally activated are arranged in a curved area. In 
addition, the present invention is effectively applicable 
to the structure disclosed in Japanese Laid-Open Appli- 
cation No. 59-123670 wherein a common slit is used as 
the discharging ports for plural electrothermal transdue- 

35 ers, and to the structure disclosed in Japanese Patent 
Laid-Open Application No. 59-136461 wherein an aper- 
ture for absorbing pressure wave of the thermal energy 
is formed corresponding to the discharging ports. In 
other words, according to the present invention, record- 

40 ing can be executed reliably and efficiently irrespective 
of the modes of the recording head. 
[0116] Moreover, as a recording head for which the 
present invention is effectively utilized, there is a full-line 
type recording head having a length corresponding to 

45 the maximum width of a medium which can be recorded 
by a recording apparatus. This full-line type head may 
be the one structured by combining a plurality of the 
recording heads disclosed in the above-mentioned 
specifications or a single full-line recording head which 

£o is integrally formed. 

[0117] in addition, the present invention is effectively 
applicable to a replaceable chip type recording head 
which is electrically connected with the main body of the 
apparatus, and to which the ink is supplied when it is 

55 mounted in the main assembly; or to a cartridge type 
recording head having an ink tank integrally provided for 
the head itself. 

[0118] Also, it is preferable to provide additionally 
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means for recovering the recording head, and prelimi- 
narily auxiliary means as constituents of the recording 
apparatus according to the present invention because 
these additional means will contribute to making the 
effectiveness of the present invention more stabilized. 
To name them specifically, such constituents are cap- 
ping means for the recording head, cleaning means, 
compression or suction means, preliminary heating 
means such as electrothermal transducers or heating 
elements other than such transducers or the combina- 
tion of those types of elements, and the preliminary dis- 
charge mode which is adopted aside from the regular 
discharging for recording. 

[0119] Also, regarding the kinds or numbers of the 
installed recording heads, it may be possible to adopt a 
recording head having only one head for a single color 
besides those having a plurality of heads for plural kinds 
of ink having different colors and concentrations. In 
other words, as the recording mode of the apparatus, for 
example, the present invention is extremely effective in 
applying it not only to a recording mode in which only 
main color such as black or the like is used, but also to 
an apparatus having at least one of a multi-color mode 
with ink of different colors, or a full-color mode using the 
mixture of the colors, irrespective of whether the record- 
ing heads are integrally structured or it is structured by 
a combination of plural recording heads. 
[01 20] Furthermore, in the embodiments according to 
the present invention set forth above, while the ink has 
been described as liquid, it may be an ink material 
which is solidified below the room temperature but lique- 
fied at the room temperature. Since the ink is controlled 
within the temperature not lower than 30'C and not 
higher than 70°C in order to stabilize its viscosity for the 
provision of the stable discharge in general, the ink may 
be such that it can be liquefied when the applicable 
recording signals are given. In addition, while positively 
preventing the temperature rise due to the thermal 
energy by the use of such energy as an energy con- 
sumed for changing states of ink from solid to liquid, or 
using the ink which will be solidified when left intact for 
the purpose of preventing the ink from being evapo- 
rated, it may be possible to adopt for the present inven- 
tion the use of an ink having a nature of being liquefied 
only by the application of thermal energy, such as an ink 
capable of being discharged as ink liquid by enabling 
itself to be liquefied anyway when the thermal energy is 
given in accordance with recording signals, and an ink 
which will have already begun solidifying itself by the 
time It reaches a recording medium. In such a case, it 
may be possible to retain the ink in the form of liquid or 
solid in the recesses or through holes of a porous sheet 
such as disclosed in Japanese Patent Laid-Open Appli- 
cation No. 54-56847 or 60-71260 in order to enable the 
ink to face the electrothermal transducers. For the 
present invention, the most effective method applicable 
to the various kinds of ink described above is the 
method in which the aforesaid film boiling can be imple- 



mented. 

[0121] Furthermore, as the mode of the recording 
apparatus according to the present invention, it may be 
possible to adopt a copying apparatus combined with a 
5 reader in addition to the image output terminal which is 
integrally or independently provided for a word proces- 
sor, computer, or other information processing appara- 
tus. Also, it may be possible to adopt among others a 
mode of a facsimile apparatus having transmission and 
to reception functions. 

[0122] An inkjet recording apparatus comprises a car- 
riage movable in a given direction with a recording head 
which is detachably mountable on ft and provided with 
discharge ports for discharging liquid. The apparatus is 
is arranged to include a sensor tor detecting the presence 
or absence of the carriage, the recording head, and at 
least one of the ink containers. This sensor is provided 
for the main body of the apparatus and positioned within 
the movable range of the carnage. With this arrange- 
io ment, it is possible to simplify the structure required for 
detecting whether or not these vital elements for record- 
ing are installed without any auxiliary power-supply or 
memory means. 



25 Claims 

1 . An ink tank for use in an ink jet recording apparatus, 
containing ink to be fed from said ink tank (221, 
222) which comprises a member (236, 238, 239. 

30 240) which floats on ink remains in said ink tank 
and comprises a light reflecting portion. 

2. An ink tank according to claim 1 , said ink tank being 
made of a material having good transparency of 

is light so that the ink can be sensed directly. 

3. An inkjet recording apparatus capable of holding at 
least one ink tank according to claim 1 or 2, said 
apparatus comprising a sensor (230) provided on a 

40 main body of said apparatus and detecting the 
presence or absence of the ink remains in said ink 
tank. 

4. An ink jet recording apparatus according to claim 3, 
4S wherein said sensor (230) comprises a light emit- 
ting unit (231) for emitting said light from outside 
said ink tank, and a photodetecting unit (232) for 
receiving said reflected light, and wherein said pho- 
todetecting unit is arranged on that side of the ink 

so tank where the light emitting unit is arranged. 

5. An inkjet recording apparatus according to claim 4, 
wherein said photodetecting portion (232) of said 
sensor (230) is positioned in a location correspond- 

55 ing to the lower part of the ink tank (221. 222) so 
that when said member (235, 238. 239. 240) is 
detected in a lower part of the ink tank by means of 
the sensor (230), ft is assumed that the ink remains 



13 



25 



EP 0 955 169 A2 



26 



in the tank are small or zero. 

6. An ink jet recording apparatus according to claim 3, 
wherein said sensor comprises a plurality of photo- 
detecting portions (232) arranged across the depth s 
direction of each ink tank for detecting the amount 
of ink in said ink tank. 



and comprising a detection means (321) having a 
fight emitting portion (321a) for emitting light from 
outside said ink tank, and a light receiving portion 
(321b) for receiving said reflected light wherein 
said light emitting portion is arranged on that side of 
the ink tank where the light receiving portion is 
arranged. 



7. An ink jet recording apparatus according to one of 
claims 3 to 6. said apparatus having a carriage 10 
(211) which is movable in a given direction and 
includes a recording head (212), said recording 
head (212) and said ink tank (221, 222) being 
detachably mounted on said carriage, and said 
sensor (230) being positioned within the range in is 
which said carriage moves. 



16. An ink jet recording apparatus according to daim 
15. comprising a scanning means (351) which can 
move said ink tank and which is movable in a given 
direction together with a recording head (350). said 
recording head (350) and said ink tank (320) being 
detachably mounted on said scanning means, and 
said sensor (321) being positioned within the range 
in which said scanning means moves. 



8. An ink jet recording apparatus according to daim 7, 
wherein said carriage and said recording head 
comprise light reflecting portions, so that said sen- 20 
sor (230) is able to detect the presence or absence 
of said carriage and said recording head. 



1 7. An ink jet recording apparatus according to claim 
IS, wherein said indined parts (341, 342) of said 
detection part (341) in said ink tank reflect light in 
substantially the same direction in which the ink 
tank is moved by the scanning means. 



9. An ink tank for use in an ink jet recording apparatus 
containing ink to be fed from said ink tank (320) and 
having a part (341) for detecting ink remains within 
said ink tank, said part (341) for detecting ink 
remains being provided on the bottom surface of 
the ink tank. 

10. An ink tank according to claim 9, wherein a supply 
portion (336) for supplying ink Is provided on a sur- 
face where said part for detecting ink remains is 
provided. 

11. An ink tank according to daims 9 or 10, wherein 
said pari (341) comprises two inclined parts (341, 
342). 

12. An ink tank according to daim 11, wherein said 
inclined parts are formed by a fight reflecting prism 
(321c). 

13. An ink tank according to claim 12, wherein an 
angled part formed by the inclined parts (341, 342) 
of said prism (321c) is positioned upright from said 
bottom surface of the ink tank. 

4. An ink tank according to daim 13, wherein at least 
the part of said incPned portions where the remains 
are detected is formed by a material having a light 
transparency of the same refractive index as or one 
which is extremely close to that of the liquid con- 
tained in the tank, so as to detect the specific posi- 
tion of the liquid level in the ink tank. 

5. An ink jet recording apparatus capable of holding at 
least one of an ink tank according to daims 9 to 1 4 



18. An ink jet recording apparatus according to claims 3 
25 to 8 and 15 to 17. comprising a controller (234) for 

determining whether the movement of said carriage 
(21 1 ; 351) is normal or abnormal, and whether or 
not at least either one of said recording head and 
said ink tank is installed or not by receiving from 
30 said sensor (230; 320) the detected signal which is 
synchronized with the movement of said carriage 
(212; 351). 

1 9. An ink jet recording apparatus according to claims 3 
35 to 8 and 15 to 18, wherein said recording head 

(212; 350) is provided with electrothermal transduc- 
ers for generating thermal energy for discharging 

ink. 

40 20. An ink jet recording apparatus according to claims 3 
to 8 and 15 to 19, wherein said recording head dis- 
charges ink from the discharge ports by utilizing the 
film boiling to be generated in ink by the thermal 
energy which is applied by said electrothermal 

45 transducers. 
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